We explore very slow laser-induced dissociation processes of molecular ion beams employing an upgraded coincidence 3D momentum imaging technique. A selection of our studies, focused on zero-photon dissociation of H 2 + , two-body breakup of D 3 + , and vibrational structure in O 2 + dissociation, will be presented.
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The dissociation of molecular-ion beams induced by intense ultrashort laser pulses is investigated using an improved coincidence threedimensional momentum imaging method that allows clear separation of all fragmentation channels and the determination of the kinetic energy release down to 0 eV within the experimental resolution [1] . We present, for example, studies of the benchmark H 2 + , D 3 + , and the many-electron O 2 + molecules. Earlier evidence of net zero-photon dissociation (ZPD) is ambiguous as the low kinetic energy release, which is the signature of this process, has been recently attributed to resonance enhanced multiphoton ionization (REMPI) of H 2 [2] . To eliminate the competing REMPI process we have studied the dissociation of an H 2 + beam in ultrashort laser pulses, and found a kinetic energy release peak near 0 eV. Our experimental findings are supported by the solution of the time-dependent Schrödinger equation, which together provide convincing evidence that the 0 eV fragmentation is due to the intriguing ZPD process. Furthermore, we show that the relative ZPD yield is enhanced with increasing pulse bandwidth -i.e. shorter pulses.
We have also studied slow dissociation of D 3 + , which is a benchmark polyatomic system. Our results suggest that two-body breakup is dominant over three-body fragmentation and that the low kinetic energy release is associated with the D + +D 2 dissociation channel. We explore the pathways for such slow dissociation and further test their validity by changing laser pulse duration and wavelength.
Finally, we have extended our studies to more complex systems, for example, the slow dissociation of the many-electron O 2 + in a strong-field (790 and 395 nm, 40 fs, ~10 15 W/cm 2 ). The measured kinetic energy release spectra from dissociation of O 2 + reveal vibrational structure never before observed in multielectron molecules, which persists over a wide range of laser intensities. We assign the spectral energy peaks to dissociation via a one-photon pathway |a 4 Π u > → |f 4 Π g − 1ω> -a bond softening mechanism similar to the one observed in H 2 + . Careful inspection unveils an apparent suppression in the dissociation of particular vibrational peaks which is a manifestation of the well-known Cooper minima effect. 
